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SUMMARY
l_duc._' qf th.e mmdhnel_._'hm_d normal co,um_ent
q[ induced velocity lhrou[ihout the flow fleD  of a
uMforml!l loaded lifting rolm, operating i_ tb,e _tpper
hal! of the helicopter ,_Teed r_t_[te are pm,_'ented i*_
the.form _ graph,_' m_d htbbx. }'he t.buhded d_tt_t
_tre tim recta ngul(t r grhl,_ qf poinl,_" located _n, (t,:im _zlh,
]d_tne,s' ,_'ilualed el 30 ° imv'e_mqd,_' qf a:imuth a_gle.
7'he grid. ra:leml _t di,_'htnc_ q[ .I roh.' radii 'il_, bolb
the eertieal _tt_,d mdhd db'eclh, J_,,,. l )t/ue,s' _tl pohd,_
;u the rotor plane 'u'_v'e eompuled by mean,s of the
]¢iot-b_tvart rebtt/on, u,_'il_[] the a,_'x_tmpthm, lb_tt the
'u,ake-eorte. di,_'tr ibu! ;ol_, e.n,_'i,_'led q[ _tu i_,tlfocm, ,wm ;-
"hfff. ih;, dl/pt/c cyl;nd_,c, l'.hte,_' al po;nt,_ md 'i_
lhe rotor pbtm, wer_ obl_timd r.rp(v'imeM.lhj b!!
'mea,_'uremeutu _ the fiHd ,_h'rn(Jlh about _t_ electro-
m_t[Inel/c-amtlo 9 m.del q[ tbr ,we_'r-m.'hu: ,_'y,_hm.
('omlmrLwm,,s' qf compuh:d on.d C,rln,r_meM_tl amtlo!l
_;al_tes.for the normal comtmm t_t oj" induced _elocily
both "i_ the pla_e q[ the rot,.' and ;_, the lahv'.l plato!
perpendicular to the rotor pbtn, e are pr_xented. The
agreem, ent behvee., the computed and experimental
amdoy vMue,_' imtieate,s, that the latter are ,s'uffieienlly
acc_l/'ttle for enginee_'b_g purposes.
The re,suits" _'hould be u,w:ful .for e,_'thm_ting the
induced velocity distribution, about l;fliny rotors iu
gen, ertd and .for syn, the,_'izing the di,_'tributbm,s' oeer
the rotor df,_'leJ, r the ca,_'e _ any ,_pec ffded no uu _ (form
loadi_g.
INTRODUCTION
In order io determine the perfiwmance and air
loa.d distribution of a lifting rolor, il is necessary
to know lhe induced flow fiehl in llw vicinity of
ihe rolm', t,he component, of vehwit,y normal to
the phme of the rotor being of pfwticular inleresl.
SUlX!rsuth,s NACA Technical Note ,123S hy Walter ('aslh,s, .It-., ttl_ ard I,.
To make rot or-flow-tield computations mathe-
matically tractable, it, is usual to approximate the
actual wake-vortex system by one having regular
geometric prol)erlies. In general, however, for
even the simples( of wake geometries the calcula-
tions ave tedious and prohit)ilively lengthy unless
]fig]l-speed compuling facilities are availal)le.
Alternatively, (here is an approach (o (he prot)lem
making use of the t)erfe(% amdogy belween (he
imluced llow tleh[ associaled with _ vorlex filament
in a I)erfecl fluid aml Ihe magnelie, fieht in spa('e
associated with a currenL-carrying wire. q'hus it
is t)ossihle to c(mstru('.t an eleelron!a_melic., analog
in lhe form of a wire model of a given vortex con-
tig'uralion. Point measurenu,nts of magnetic-
field Stl'Ollfflh ill the associale_[ mag'm,/ic fiehl lllell
afrovd a d,'scril)lion of tile atllaloffotls induced
velocily in the fluid veio('ily tiehl, as shown in
referellce ].
The principal objective of the present ptper is
to present in the form of tables and graphs the
ext)erimenlal values for the nondimensional normal
component of induced velocity which were ob-
l ained by nleans of an electrontagnetic-analog
model of the wake from a rotor operating ill the
upi)er half of the flight speed range. The method
employed was in many respects similar to the
l)rocedures described in references [ and 2. Sur-
veys were made of tim normal component of
induced velocit,y in several azimuth planes per-
i)en(licular t,o the plane of l he rotor beginning with
the longiludinal plane of symmetry aH(l l)roceeding
in 30 ° increments of azinmth angle.
.:+klH)l,h('l"ol'j,"qiv(' is to SUl)l)lement an,l extend
the results of references 3 and 4 by presenting
l)llril:tlll, ,IF,, all(l ,]il';liF [(t%orkiallI 1!}5_
1
,)
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additional conq)utod values, ot)lah.!d I)y lllO_lliS
of it digilal coni[)ul('l', of lhe noi'lnal colllpollcnl,
of induced vehwily in 1!.' rotor pllme. This pro-
gram w:ls carried ou( along with the nmgnelic-
alill.log llleli_ill'01llt!lilS illid afforded i'elialde check
poinls for coinplii'ison of re._iills. Tile ¢OllipUled
dlihi fUl'llishod %'lihies [o1" lhe hidilCed volociiy tit.
SpliCl' pohils hmalcd such IhilL pilysical inler-
f(,i'eliCt, bclwevn l ho lfi('lcup coil and wake in<odol
l)l.c%enl(,d lh,hl nieilsiirenivnls alid lllso lil. l)OililS
ii1,111" lhe model coils where tin, gradient of l ho
local inllglielic tiehl "wlis hii'ge.
The tinliiysis l)i'('sentt'd hOl'eili e(nic(q'ns the flow
fh,hl llssociah'd with a unifol'inly loaded lifting
1'olo1' and aSStlltleS linit tile wl{I,A,-VOl'lOx _'slOllt
tnts ihe ['Ol'in ()f a unifoi'ln, s(,liii-iiltillilo, elliptic
cyii,ider ('Olllpos(!d of l_t VOl'V ]al'ge llilnllwl' of
cit'cuhu" vortl,x i'hig ehqne.iits lu'ritngod in such i/.
wiiv tlmt. Ihe ch'cuhllion per unit length of the
Vol'lex sheei is conshilil. This asstlnlplion iniplies
llial tile induced tto%%" ll_ssot'ialod wilh the vortex
s vsl(qll is a 1)olenlhil l|ow tllld, i_s Stlch, Inis IL
i)oi.fecl lnliglielic iiliiilo_3" as poinled oul I)y
Cqllll.lions (2) lllid (_I) (if l'Ofel'eli('(, 1.
This inv(,siig'il.iion was ('onducied at lhe (]eorgia
Ilislillil(' of Technology under i ho sponsorship
lind wiih lhe tliilili(.ilil assisllinco of lhe Nli lioinii
Advisory ()onunil foe [(ll' Aoronlintics.
SYMBOLS
ai ('()eili(_i('nl ()f cO_ill(' tOl'ltl in F()lll'i('l'
seri('s for lihl(ie [hil)l)inla' nligie
.IIR Ollll)lll lllt'tOl" l'('l_dilil£ , d'lJ
Iit lliligt'nl ()f wltk(' angle X
P lilly ])oiill PtA',>, )',,Z,t in I'OlOl' tI()w
livid
R rolor ,'adius
Ro radius of point 1' ['roln Z or rotor
iI, XiS
Rc,_p,Ze (71iudri(,d coordinates of a point on
die t'llrvo of inlers(,etion of plitn('
_p-(!()llshtlii. wiiil wil_l<(,-v()i'l(!x-
(.ylin(h,i'
v(,lo('iiy ()f heli(s()l)l(,r along llighl
l)lllh
li()l'lini] (_Olnli()ll('lil ()[' ln(luc('(I ve-
hmiiy al ])
n(il'niltl ('()lnli()ili'nl ()[ iii(lii('('d v(,-
h),'ily a( ('lqllt, l' ()[ i'()[()l' plnll(,
X, )',Z
.g., )',,,2 <,
z,, Z,,/,l
O_
(_()()i'(lilnili's ()f n wal,;(,-voi'l('x sh(,(,l
(,h,in(qll its ni(,asui'(,d i'(,llitiv(, to lhe
l i])-tilil li-lillint, tix(,s
(.()()l'(]illll.((,s ()f l)()inl [) ill i'()l()l' [low
tichl
Imglc of lithwk of l)hul(_ (,f z(,i'o
f(,alhoriog
o<t: ll.ll_[O Of Itli.ll(!]< of l'()l.(il" ])]all(',
_--{/t
0 ILzinnllh it,ligl(_ of wakl,-vol'lox sli(,(,t
olonionl, having length d._ illOllS-
urod froni iieglllive A'-- oi' up-
wind diroetion
x,,- (V _in ,_,--o)I_R
uo= (I" :'os aDIg.R
X wake a.ngle mcasurc([ between nega-
tive Z-- or rotor axis and wake
axis
_/, azimuth ll,ngle of poini l' ntoli sured
froln positiw; .V- or downwind
direction
ltngllhtl' vdoi:ily ()|' l'O{.Of t>hides.q
8ubscri pts :
(' (!iirve of int(,rseciion fornicd l)yphul('
lp (Jonstan{. with wlflce-vorlox
('slinder
.\_ SOllrch-coil nornializing point for
which ('onipuled velocity ratio wits
known
1' point. P
THEORETICAl, ANALYSIS
l_nd,q' the assuniplion tliltL the wal,:(,-vorti;x
distrilillti()n laki's lira forni of a unifornl, semi-
hilhiito, cllipii(_ cylinder, ii wi/.s sltown in l't,f(q'Olle(,
4 ihlil tim l'alh_ of the sioi'nilll i_oini)onenL of in-
(hlc.Od "(;locily ill lilly ]mini, P lo 1.iial li{ the i!(,iiler
of the 'otor is givon by
I1/,,I if/ A-lJ,,,'c'
where he wake geonletry is given in tigurc 1 and
_1 -t-Fro/'os (_b-0)
sl : ,, i.,)sotv'l-i-,,/
6' _-1-t ro"-F,-_."+2r_ vos @--0)
l) (2:o + #.1",, CoS _i t m, (;os O)/V<I 4 m'-'
Jl
NORMAL COMPONENT ()F INDUCED VEI,()('ITY I.'()H. A UNII,'()I{MI,Y 1,()AI)I,_I) LIFTIN(_- I{()T()t{ o
Plane Ro
Tip-path plane
Curve of intersection-
of plane @ =Constant
with cylinder; locus
of points (/74,, _, Z4,)
]21GI!RI,] ],- (](,OIll(qFy ()f wakp-v(u'l[,x sy,-,l_,m.
X
'l'h(, wake a.nglc x is comlected wilh the resuliaid
vehi('ily ('ompouenls at, 1,he ('enl(,r of the rotor by
ih(, relalion
x-,tan _( _,/X,) (2)
ll was desir{,d it) compute, tht_ i_ondim_,llsi_mal
normal (.Oml)(m(,nl ()f induced v(,h)('il.v in 11., rolor
phlzw at pohlls |)(ro,_) for a wake g(,om(.lry
simulating the wake from a rotor op(,rating iu the
upper }mlf of the hcli('ol)t(,r sf)('('(| ra.ng(,. Sin('x_
IL wake a ngh, x_tan -_ l0 (S4.29 °) ('loselv approx-
hnales the aclual wake angle for a, h(qicopi(,r
operating in the higher Sl)_'(,d range, the values
zo--O and m_ 10 were substil ut('d inlo (,q ual ion (l)
whi('h th(,n })e(.am(,
l Ji "
where II represents the integrand of equalion (1)
off(q" the substitutions were made in the quan-
I iti(,s _t, 1_, (_, oil(| 1) al)ov(,.
Numerical approximations Io l tw inI(,gt'aI of
(,qilatioll (3) Wel'O o])laill(,([ for ('()lll|)illl/Ii()lls of
values of re and _ by means of a digital (!olnpIli(w
programmed to use Simpson's rule wit h 120 equally
spaced incr(qn(,nts in O. Except for a f(,w poinls
close to the wake t)oundary, this 1)rocedurc
yidd(,_l r(,suils (,(irrt,('l Ill within -L:] in lhc third
dr('iln41 l)hl('(' ilS v(,rifit,d ]ly ('h(,('k l)oinls l)r(wi-
()IISIv (q)illl)llle(I liV [llhl'r lil(,lholls.
EXPEIIIMENTAi, PRO(IEDURE
Th(, (,|(,('Irh'lil svsli'lllS (qnl)loyed in i'(,fl,l'(,il(;(_s
I and 32 Wt,l'(! 1)i'omll.v siniillir in lhlll t)oI h hwlu(te(I
t'()lli' lillsic ('OliiI)oiwiils:
(1) Th/' tlrilluir.v coil (wire lllltd('[ or vortex
sysloin)
{2) Ttlc sl,(u.illlilll'.V cM1 (sl,illTh coil)
(3) The (,l(,('ironi(' volllllell,r
(4) Tile powpr supply
The niethods consisl(!d t,ss(,niia.lly of measuring
the vollage induc('d in tile s(,i/i'(!]i (.oil bv t.h(!
nnl_lieli(; tMd (if the prinulry-coil (qu'r('nl tlAi(I
('onviq'ting ttic rosuli inlo e(lUiVlll('nt vch)ciiy.
hi light of hifornlalion 711.ili('d fl'()iii lhe reporls
lillqiliolled id)(tve; cei'lllin lix(,(t (_onsid(,riilioils
t.iiIOl'_O which idt'ect lhe liw('lll'I/.(' 3" (tf the method
llli(I lil(lSt, t)O t ll_]c('li inlo il.('('i)llltl whun designing
ll.li ol(,(ll, Olllil.glliqi()-Ii.lili|o_ svs|tqll. These in-
('hide :
(1) Extraneous nitig'nelic fit,his
(21) lintiur(_ wlivi, fol'lns in l he prin-iary-coil
circuit
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(3) Imhmcd cffcc(s in the primarN-('oil and
search-coil leads
(4) Search-('oil (timcnsions and {.alil),'ali{m
(5} Primary-coil fiehl distortion
An attemltt was made in /.he present work (o
minimize inaccuI'a(qcs arising front lhe al)ovc
s(,urccs. The following sections dcs(:ribc each of
the basic (.onq)oncnts of the magnclic-anah)g
8ysl(,m used in Ibis investigation.
PRtMARY FtELI) COtL (WAKE MODEI,}
The ([iilicultics involved in at{cml}(ing to con-
struct a solid nomnagneiic cylimtcr in the shape of
an cllit)tic eylin(ter ut)on which I() wind the pri-
mary coil ma(h' it. exl}edicnt to 1)uihl up the wake
m(t(M from a series of "luml)cd" coils wound on
separate Ph, xiglas rings. The rings wcrc mounted
Ul)OU a ]wavy tiber base plate 1}y means of indi-
vi{lual 1}lexiglas bases so arranged that (.he lira,
()f ('enters made an a)tgh, of 84.29 ° (<)r tan -_ 10)
with l he rotor I)hme axis. To nfimmize the IMd
{lislorlion due to htmp(,d (.oils in lit(, vicinity of
the rotor 1)hmc, lit(, asscnfl)ly was divided into
two principal s(,(.lions. The firsl, seclio]l ({.orr:,-
sponding to the Ul)l)cr t)ort, ion of tim wM-:c} con-
sistcd of 27 rings each 1)earing 1 turn of No. 17
gagc copper wire. The second sc(qi(}n was ('om-
i)rised of IS rings each bcaring 9 turns (if wire
and ._ iimd ring 1)caring two layers of 9 turns
each. The coils were connected in scrics in
such a manner that the input, tm(t return wir(,s
for each coil were juxtaposed and couhl 1)c l.wiste(l.
This arrangcment., which for tim multi(urn coils
involved _),double winding, was necessary in order
to mininfize it((, external magnetic field induced l)y
flu' current in the individual coil leads. The leads
connc{'ling the wake model t,o the power SUl)ply
issued from the final (,,oil at the end of lit(', wak(;
model att([ were also twisted. The wake (,,oils had
a mean diameter of 12 incites between wit'(, cenlers
att(t were so spaced that the average number of
t.m'ns per unit wake length was the same in ('a{'h
section. It, should be not,cd that the position of
the rotor plane does not coincide wit,h (he 1}lane
of the end coil but, is h}caled approximal.cly half a
coil lurn farther up the wake axis. The relative
positioning of tttc coils conformed roughly to the'
actual spacing of the rotor-blade tip vortices in
the wake of a three-1)ladcd ]tclicol}tcr rotor oper-
at.ing at. ,z,,-={).3. The overall length of tim asscm-
t)lv was 12 fcct. Und{'r operating condit.ions the
"c(tuiv_den(, vorlcx" siPcngl,h (if l,}te fiehl ('oil was
about ,t ampere turns per inch of wake hmglh.
Tbc en:irc coil s vstcnt was mounted on a woo(h,n
table ot" ]wig}tl and 1)osilitm su(.h that lhe 'wak:_
m{)dcl was ccntcrcd in its cont, aining r(}mn. Figure
2 is a phol{)gPal}h of the mo(M asscml)ly.
SEARCH C()t t,
The nonlincari(y of the primar.v-coil IM(I and
the fact. that point tlleaSllt'etnctt{s wct'c (lcsirett
made ii necessary that, the search-coil dimensions
b(, small compared with (hose of the wake mod(,1.
A moan diamch,r for the search coil amounting to
about 3 percent of thai. fop (he fichl ('oils was
a(IOl)(C I for the v<ork r(,,por((,{I hcrcin, sin(Be a coil
of such size couht 1){, built will( little {litti{mlt,y aud
wouhl yMd imht{'ed roll age ntcasurctncllts sulti-
cicntlv accurate for engineering I)Urt)oscs. The
s(,ar(_h coil used ha(l a (liam(,t<'r of about 0.35 in(.h
|O b}),(" t'CltI{'T of lhc wD'c })tltldlc whi('}t }la(i a Cl'OSS
see(ion in the l'()rnl of a squar(' al)proxhnalcly 0.()(.}
inch o]) a shh,. The coil (.()nsisl(,d of I,O00 (urns
()f No. 40 _,,{mo','_.(:(}l}l}(,t"wire v¢ouml on a. ]-)l('xiglas
h)rm. The (.oil form was mounlc(l on a ]}lcxiglas
SUl)l)Ott. A soli(l dMc('tri(' coaxial <'al)lc was
used t,) ('onnc('( the scar('h coil (() {h(, 'mq)liiicl'
in onl,r lo minimize lhc currcnt induced in Ibis
s(,(qio)l (it' t.hc l)ickul ) circuit.. The entire scar(:h-
{'oil ass(,nfl)ly log(,lhcr with its ('()axial connc(rlor
is shorn in ligur(, 2. The base ()I' the se_w<'})-
(Boil SUl)p()rl, and also lhe lop of (he tMtt-('(]il
supl)o]t.ing tat)h, wcrc s(_ril)c(I with st raighl, lin(,s
space( at in('rcnwnts of co]_vcnicn( fractions of
tile ro or radius in oi'dcr io fa('i]iLale i)osi(io))it)g
of tht' search c(}il. For surveys in the various
azimu),h planes, wooden ramps having the shal)c
of 30" or 60 ° triangles were used (o position
the se u'ch-{'oil asscmltly. Scribed lines were also
included on (.he faces of th(,se SUl}pori.s. The
search-coil assembly is shown lyl)ica]ly positioned
relative (o th(: wake mo(M in figure 2. Figure 3
shows the search coil in {h:tail.
Th( necessity for obtaining a Sel}arate calil)ra-
(ion (f t.he sear('h-coil circuit was elimina(.e(t in
(he w)rl,: of this rel}ort_ t)y norinalizing the ficld-
st,ren_th measuren_ents to l hose ot}lained at
sever,d convenient space lo(.ations in the primaI,v-
coil feld for which the values of (,]/c induced
vclo{'i_y are given in reference 4.
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AMPLIFIERAND OUTPUTMETER
In addition to the search coil, the pickup circuit
included a commercial standing wave indic_Ltor
h_ving tt maximum sensitivity of 0.1 mierovolt for
full-scale meter deflection. The assembly con-
sist.ed of an indicating meter, _ higlt-gaiu 400-cycle
fixed-frequency amplifier with a c_libr_tted gain
control covering a range of 60 decibels, and
narrow 400-cycle band-ImSS-filter network having
a sharp cutoff at 400 ± 5 cycles per second.
The integral electronically regulated internal
power supply operated on 115 volts. The input
impedance of the amplifier was 200,000 ohms _tnd
consequently it was desirable to test whether
calibration factors in terms of the search-coil
current were needed for the indicator readings.
This was done by placing the search coil at various
points of tdgh and low fiehl strength and taking
meter rea(lings with only the normal 200,000-
ohm impedance in the amplifier input, circuit.
A set of ra.tios of the equivalent induced velocities
was computed fl'om these readings. The input,
impedance was then changed to approxinmlely
5 megohms by means of a noninductive series
resistor a.nd the procedure wits repeated. A com-
parison of t,hc two sets of computed ratios showed
no measurable difrerenees. It was concluded
that meter scale calibrt_tion was uvmecvssar3-.
Figure 4 shows the aml)lifier-indicator unit which
was located iv, a hallwa.y removed froin the fiehl
coil.
POWER SUPPLY
The power supply used for the wake model
consisted of a 400-cycle aircraft inverter driven
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by a rectifier, ill(, OUtl)ui voltage of which was
stabilized by slorage t)al(eri('s. The inverter
was conne('t(,d to tht, primary magm,t coil through
a variabh, series resistor and through s(,ri(,s capa('-
itam'e. It was foun(t lha( th(, fr(,queu('v stability
of tim system was ilnprove(l t)v adjusting the
capa('itan('c so i[mt the resin)ant fr('(iuen('y of the
wake-too(h,[ eo;l ('ir('uit, was slightly above the
400-cycle operating frequ(,u('y. As lnonitoring
devices the circuit in('hl(led an almn(,ter and an
electrically driveu reed frequency meier which
had been r(,worked so that the frequencies in-
dicated by su(.eessiw, reeds diff('n'd I)y only l
cps. Rough fre(lUem,3" ('oulrol was obtained t)v
means of inverter taI)s, and iiual frequency
atdjustmeut to the (h,sired 400 ('t)s was mad(, I)y
wlrying the load on th:, inverter tlmmgh the
series re._istov. In order lo use this frequency
_.onlr(:l system it, was m,(.(,ssary to m_balan('e
slightly" the fre(lUen('y-h)ad-('omi)('nsalion (,ircuit
iu the inv(,rtt,r. Figure 5 shows the power-supply
assem )ly which was lo(,at_,(l in _ S(,l)_rate room
from lhos(, of the wak(,-mo(h,1 coil _md amt)lifier.
FIEI,I)-S[;RVEY I)ROCEDURE
In _:en(,nll, the wake-model coil _'ir('uit was
allow(([ to Ol)er_lte for about 30 mimll_,s in order
lo r(,a:'h thermal ('(luilil)rimn before any atl('ml)I
was t m,h' t,) take m,,asm'(,ments. After stal)|¢,
(.on(lit ions were r(,a('h('<l, th,, s(,ar<'h <'_fil was I)bW,'d
al a <,)nvetm'nt |rex'realizing point in the magnet|<'
field for whi(']_ the in(hw(,d v<,h_(.ity ratio was
knower from the digital-('Oml)tlter (._l<'ulations of
r(,fer(,:w(, 4 _lt,t th(' mtq('r r('_tdiug r(,(:ot'd_,d. The
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I"I(;VRE 4. Fixod-froqu(mey aml)lifivr:md it_di_'ator u_dl.
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('oil w_ls the, mov(,d to ill(, su_'('(,ssive survey l)OSi-
ti(ms and these readings re('orde(l. The se_lr('h-
coil eiv('uit w_s r(,t_ormMiz(,d _t frequent lime i_-
torvH]s.
_I':DllCTION OF I)ATA
The meier rea(lin_s r(worded during th(, pro-
(:o(lur(, (h,s('ril)(,d in the t)r('('('(ling s(,('tio, w('v(,
('onverto(I iHto ('(luiv_dont volo('itv r_lti()s })y ill(,
fovmul_l
where l't,,'_' _s the Ho_(lim(,H,_iomd m)rmal cOral)O-
mint of itl(lu(,ed velo('ity _lnd I' refers to tho Sl)_l('(,
I)oillt al whi('h the m(,_surement w_ls m_l(h,.
Th(' sign (dir(,('tiorl) asso(,iated with the let'l
m(,mt)ev of equation (4) w_ls d(,t(,rmi]w([ front (.on-
51 t204 6O 2
sid(q'ations eml)r_cing the fh_w-fi(dd _zeom(qry _ttlcl
lh(' trert(is of tho ext)(,t'im(,nt_d d_ta_ ])(,ing re(lu(!(.(I.
The vosults, _s d('s('ril)ed ill t,he n(,xl se(.lion, were
ol)h_im,(t from fi6red plots of the exi)(wimenhdly
det('rmim,d i_du('(,d vehwitv r_tio l'/e plotted
a_Z_6ns! 1:o/1_ for ('onshml v_dues of Zo/R or, wl_erc
IL,/R.
RESULTS
Tables l(a) to l(g) give the vMu('s of 1",_,
as exp(,rimentally determined over the azimuth
t)hin('s 6=()o, 30 o, 600, 90 o, 120 o, 150 o, and 180 °.
Be(_ause of the symmetry of the flow, tables 1 (b)
t.o l(f) also h<>ld for the "_zimulh planes _p=330 °,
300 ° , 270 ° , 240 ° , and 210 ° , resl)cctivcly. In
t_ble l (d) the valuos of ]'z/t_ at points for wl)i(_h
_ TE('HNI('AI, REP(H_;I' It 41 NATIi)NAI, AEI_,ONAI. TI(!S AND SPA(!E AI)MIN1S'I'I_ATIi)N
Ft(;_'Rt: 5. Pow_,r-sUl)l)ty :_-sq,mhly.
rcctly from the computed r_,sulls oblain_,d iH
rct't,r_,n_.l, 4. 'l'h_, mcasurt, nwlHs giveh in labh'
1 _,xl_,nd over a large i,tmu,_h r_,g'ion .'lbout lht,
rotor ]dam' so that the velocity distributions
n_,ar a rotor wilh nonuniform loadill_ may Iw
calculated hv supcrposilion as in t'_,fl,rcnc_, 5.
"l'abh_ 2 lists the, ('omt)utcd vll,hlt,s for _'_,';" iH the
rotor l)htne at, azimuth angh,s _:::0 °, 30 °, ti() °,
90 °, 120 °, 150 °, and 1_0 ° cxt_,ndin_ radially to
six rotor radii. Although lhc tabh, _.onlains somc
dtlplication of values pr_,viously listt,d, it was
t houghr convc_dcnt itl light of possihh_ future
applicalion 1. t'olh,cl the, in-planl, componc,lits
together.
Figm'_,s ti(ll) to li(d) arc idols ill' (:OllSllllll
values of 1"_!_" in llw various _,ziluuth ph_n(,s as
intt,rt.,lalt,d l'r_m tabh,s l l_) to 1(_). In par-
ticular, figul'l, (i(::l) SUl)ph'nwnls lhc i'olh,clio_ or
simila_ plots given in rl,t'erenc_, 3, and figure (i(d)
_,xlcnd,; the rang'cs cov_q'(,d by ils corrl,Sl)ondin _
plot i_t rcfl, rcn_'l, 4. 'I']w dashcll lin_,s in i,a_'h
fi_tH'c rl't)rcs_ml the i'urvc of inlcrseclion formed
by l h_ _zimulh plane and the wake vortex cyl-
inder. Points on lhl,sc dasl.,_l ,..m.s .rt, _ivl,n
hy lhl rclalion
wh_,rc only negativ(, vaht_,s of Zc arc to bc cot_-
si<h,r_,_l.
Figurl, 7 cOnll>al'es const_H-','aht_, plots as ob-
tain_'d from tl., computed valu_,s of lahh, lid)
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(:li Lin(,_ (_f c[_n_,t:Nlt v:du_,,.. (_f 1"i.."_' ill l()ngilmtin:d pinto, ,_ ()° :tzL(l 1S0.
l_'ll.;lt_.E (i. ].ill(,_ (_f ('_)n_(_tnl v:dn(,_ _)f n()ndim_,n_i(_n_d n(_rm:d ('(nnt_nH,ufl (_f in(lu('(,(l ','_l_eiiy l',."l' in (':_('h ;'l()"_ :Lzimltlh
l)l,_m' for ("l_e of :t wztke :tngl( _ X tzll_ t 10 g4.29 °. I)_'_t_('(t liz_,s r'(,presmfl (q_n"__ of ilfl['r,.,_,('|i(m fl)rnt_,d hy :_ziml_lh
I_l:tn(' :_n([ "w'_k(,-','ort(,x cylinder.
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hi the lillerlil l:lhule. The llllllc for lhese expel'i-
inciilni vithios liii, s iiol ])eeli hichided :ilice ttn'
lllOl'l' ilCCllril.le conipuled vnhies were livaihll)h',
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(c)
eol)tors aml ihc downwash vHocitios at wing and
tail I)lam's.
hmsmu('h as l he at)paratlm and l(,(.hniques .sod
in the ])rosent work are subj(,(,t to consid(,ral)].
reiinenwnl, il is thoughl that the eh'('lromagneliv-
a mdog molhod shouhl l)e useful for mapping
induced ttow tio](Is whi('h aro math(,malivall'v
int raetal)|e.
(]EOI{GIA INSTITUTE OF TECtiN()LOGY,
I_TLANTA, GA., /+br_mry 21, 1957.
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TABI,V, 2. N()NI)IMENSI(}NA]_ VAI_[TES ()F N()I_MAI, ('()MI'()NENT ()F INI)IT(_EI) VI';IA)(_ITY l',v IN
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